INTRODUCTION
Experimental programs are underway to evaluate the reaction between gases and various powders. The primary interest in these programs is the rate of reaction between the gas and the solid powder.
If the gas diffuses very slowly into the solid, the reaction takes place at a gas-solid interface, which mults in a "phase boundary" model.
Both the "progressive conversion" and "phase boundary" models may include several different steps in the reaction. The following steps are possible:
1. Diffusion of the gaseous reactant to the solid surface.
Adsorption of the gaseous reactant.
3. Diffusion of the gas either into the bulk or to the solid reactant-gas interface.
4.
Reaction of the gas with the solid.
5.
Diffusion of any gaseous product to the solid surface. Evaluation of reaction ldnetics involves considera-6. Desorption of the reaction product. tion of two fundamental processes: (1) the chemical reaction itself and (2) tmkport of the gas to the At times some of these steps do not exist. The reaction zone. Both of these processes may involve several individual steps that may be rate controlling resistance of each step to the progress of the reaction varies. The step with the highest resistance for the entire reaction. This report evaluates some of the basic fundamentals of powder reaction is said to be rate controlling.
kinetics; it also illustrates their application to the hydriding of uranium powder.
Progressive Conversion Model
The basic assumption of this model is that the re-KINETIC MODELS acting gas diffuses rapidly through the solid particle so that the reaction takes place uniformly throughChemical reactions result from atomic and molecular out the particle. This type of behavior is flustrated Ullbi~XlS. If the reactants are mixed On an atomic in Figure 1 for the hydriding of a metal particle. level, the reaction kinetics can be described mathe-
The reaction rate is then dependent only on the matically with equations involving only time and concentration of the metal available-pro6ding concentration. This results in what will be termed that the availability of the reacting gas is not limited the "progressive conversion" model. by either the adsorption or diffusion steps.
Often, however, gases and solids are nat mixed on the atomic level and the gas must diffuse or penetrate to the phase boundary before reacting.
Evali~atian of the "progressive conversion" model involves expressions that relate reactant concentra- If this is integrated with the boundary condition thatMt=Owhent=O,andn# 1,then By further rearranging, the working equation becomes Wt = Wm 11 -(I +K(n-l)hlon-'t) '/(lwn)1 ( 5 )
Since the parameter being measured is Wt, the amount of gas being reacted at time t, and Wm is the maximum amount of gas reacted, then If the reaction produces a product having a molar volume greater than that of the solid reactant, a protective, non-porous layer is formed and the reaction becomes .diffusion controlled. This results in a parabolic rate expression for the growth of the product layer, which is given by where kp is the parabolic rate constant. interface -. and . is illustrated in Figure -- this case the reaction froni moves toward the center reaction results in a linear gro\;;th-of the product of the solid particle. During the reaction, the total layer. Thus particle size may increase, decrease, or remain the same depending on the molar volume of the reaction & = k o r y = k t d t -(1'4) product. The core, however, remains unreacted.
The product layer may be porous with no protective where k is the linear iate constant.
' qualities or it may be dense and thiis present a diffusion barrier between the solid and gas.
Combining Equations 10 and 14 yields This model can be cvaluateil by assuming the reaction produces a product layer of thickness, y, which reduces the initial,.mdius, ri ; of each spherical
( 1.5) particle. (See Figure 2. 
APPLICATIONS
To illustrate the application of the kinetic nlodels to real reaction systems, data from the hydriding of uranium powder will be evaluated. Uranium powder sanlyles were prepared by a series of hydriding and dehydriding cyclcs. Conditions for the hydriding runs being reported were 100 O C and either 13.3 kPa or 26.6 kPa hydrogen pressure. Since the order of the run in Figure 3 was 213, it might be expected that a topochemical reaction is Use of the Jander equation (Equation 13) to explain the hydriding of uranium powder is not valid, as can be seen in Figure 6 . This indicates that gas transport is not the rate-limiting step in this reaction.
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CONCLUSION
Two models are presented for the reaction of gases with powders. The "progressive conversion" modkl is dependent on the amount or concentration of the solid The "phase boundary" model is related t o the constant growth of the product layer and to the surface area of the unreacted powder. If the product layer becomes a bamer t o the reacting gas, then the rate is controlled by the diffusion process, and the Jander equation applies.
In the special application of these models to the hydriding of uranium powder, both the "progressive . .
conversion" and "phaie boundary" models appear to be equally applicable. This is u~ldoubtedly true because of the small particle size being used. 
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